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Abstract 
Visualization has drawn a considerable amount of attention in the design of complex and large-scale 
systems. Along with the advance of software and hardware engineering, this trend has been expedited. A 
variety of information seekers such as scientific investigators, library patrons, consumers, or decision 
makers using information systems interact more easily and effectively with visualized information systems. 
This paper intends to investigate some of the issues and research agenda in this newly emerging area where 
visualization and information system design intersect.  
Introduction 
Complex Large-Scale Systems  
Complex large-scale systems are characterized by a large number of inter-related components. Examples of 
these systems include large software systems, the Internet, and a wide range of other information systems. 
Understanding and manipulating information stored in the systems is extremely difficult, even when the 
systems have been well designed and engineered. The difficulty in utilizing the tremendous amount of 
information produced by these systems has become a major force of driving interest in visualization.  
Visualization  
Visualization, coupled with the increased capability of creating presentation graphics, strengthens these 
complex large-scale systems to make them more usable.  
Most of the studies on visualization have been driven by the scientific visualization domain. Scientific 
visualization is understood as a method of computing and transforming the symbolic into the geometric, 
enabling researchers to observe their simulations and computations" (McCormick and et al., 1987). 
Scientific visualization has enabled scientific researchers to understand their data, discover hidden 
relationships among elements, and verify their proposed models. Recently, various non-scientific research 
domains have begun investigating visualization techniques for data exploration and other purposes which 
the scientific domains have already initiated. In the business domain, visualization can help decision 
makers understand data comprehensively and enhance their decision-making activities (Zhang and 
Whinston, 1995).  
As visualization has become more applicable to the design of information systems, many critical issues 
other than technical issues of visualization techniques have been identified in various research topics from 
interactive information visualization of the Internet to social interaction in muti-user information 
visualization systems. This paper intends to identify these issues of visualization as applied to the design of 
complex large-scale systems and eventually to drive the research agenda out into the discussion.  
Issues  
The issues of visualization in the design of complex large-scale systems can be classified largely into five 
parts: (1) issues of visualization techniques, (2) issues of information systems, (3) issues of interacting with 
users, (4) issues of network environment, and (5) issues of domain applied by visualization techniques 
(Figure 1).  
With regard to the issues of visualization techniques, there is a technical problem with displaying large 
datasets in 2 or 3 dimensional space, called occlusion". This problem of visualizing a large database by 
fish-eye views or 3D perspectives result in distorting the physical representation of objects and a loss of 
data. This obstruction could interfere with the user's interpretation of the information. New techniques are 
needed to reduce this complexity of visualization.  
The second issue concerns what is to be visualized. Recently, Stuart K. Card classified information 
visualization into four different levels: (1) the Infosphere, (2) the Workspace, (3) Sensemaking tools, and 
(4) the Document (Card, 1996). According to Card, information chunks to be visualized are different at 
each level so that different visualization techniques should be used. Objects to be visualized include a 
variety of datasets from one single object to whole datasets and even the relationships among the objects. If 
visualization intends to be used for comparing, combining, or grouping multiple objects and eventually 
providing information seekers with more value-added information, visualization must convert the 
appropriate data to relevant information.  
The user-centered perspective is also a critical visualization issue in the complex large-scale systems. As 
the potential users of visualized information systems have various levels of experience, the actual design of 
visualized information systems must be preceded by user studies and usability testing should be considered 
in the post-design stage. Different users have different searching styles and preferences. Thus it is 
important to provide appropriate techniques for satisfying a user's information needs in specific 
circumstances. Task analysis is another critical issue for visualization which needs to be applied 
successfully in these systems. Bob Hendly and Nick Drew identified the significance of task analysis in 
visualization for information systems by stating:  
One particular factor which should affect the organization and presentation of the objects is the task being 
undertaken by the user. The requirements of a user, in terms of what information he or she requires, is 
determined by the task which is being undertaken (Hendly and Drew, p.5)."  
Visualization in information systems has neglected the study of task analysis. Visualization in information 
systems should be designed to allow users to monitor the system from their perspective and manipulate it 
for their needs.  
Information on the Internet has become a major source of visualization. Since visualizing the Web requires 
a wide bandwidth, visualization may be impractical for general use over the Internet. For this reason, one of 
the key issues is the appropriate distribution of resources such as data and processing between the service 
provider, network infrastructure and client terminal (Walker, 1995). A study which enhances the 
effectiveness of remote visualization and shared virtual worlds among the Internet users is required.  
Depending on the domain in which visualization is applied, the goals of visualization will vary. If 
visualization is applied to information retrieval, visualization focuses on mapping the abstract relationships 
between the user's information needs as represented by the query, and the information stored in the 
database. In the social sciences, such as political science or sociology, researchers deal with various types 
of data, from the numerical to the categorical, in order to interpret and analyze social phenomena. This 
requires different visualization techniques and models, such as virtual-reality techniques. Visualization in 
these fields makes it possible for planners, decision makers, or researchers to implement their planning 
virtually, to see and experience it from different perspectives, at different times, with or without a lot of 
people, etc. Visualization will eventually create new conditions for the rhetoric in many of the visioning 
and design processes in society (Stolterman and et al., 1996)."  
 
 
 
Research Agenda  
1. From an HCI perspective, visualization has to be reconsidered in a way that allows information seekers 
to gain insight into complex problem solving tasks by interacting with graphical representations of 
collected data. According to Lisa Tweedie, interactive visualization is defined as cognitive artifacts which 
are complex applications that allow users to manipulate, encode, and organize data graphically (Tweedie, 
1995)." She argues that most studies in this field concentrate on presenting interactive visualization 
artifacts rather than seeking generalization."  
2. Visualization in the complex large-scale systems could be understood as a front-end of a system because 
the basic mode of display from the system will be graphic, providing a visual structure of the search, a 
visualization of object relationships, a visualization of the history of the session, and so on. These 
visualizations are constructed on the basis of initial input, and are intended for direct manipulation, 
modification, and selection by information seekers. It is critical to give information seekers confidence in 
controlling the system by allowing them to change aspects of the visualization, when appropriate, request 
information about any aspect of the visualization, move to consider any aspect of the visualization, invoke 
an action, and view its result by manipulation of the visualization, and so on (Belkin and Marchetti, 1994). 
Through this style of presentation and interaction, information systems gain more competitive advantages.  
3. In the rapidly growing network environment, networked information often entails slow access that 
conflicts with the use of highly-interactive visualization. System designers have to address the dynamic 
nature of visualization and the tremendous amount of bytes needed to deliver visual information in a 
networked environment. These problems could be managed by supporting the assimilation of retrieved 
information and integrating search and browsing with visualization.  
4. In the case of 3D visualization techniques, an extra dimension of elevation can be added to the data 
mapped onto a data sphere with visual cues like shading and shadowing. In addition, animation could assist 
the perception of elevation differences.  
5. In order to make large complex information systems understandable to the users, there needs to build up 
various effective views of the underlying information space. A view which corresponds to users cognitive 
style or preferences will help them to understand the systems better.  
6. Usability Test: The utility and usability of visualized information systems has not been well evaluated. 
The implementation of visualized systems has always been a primary concern of visualization in 
information systems. This system-centered trend has linked to the underestimation of a critical issue of how 
easy to use the visualized information systems. The user issue must be reconsidered as in the design of 
information system.  
Conclusion 
Visualization in the design of complex large-scale information systems has reduced many difficulties in 
analyzing huge amounts of data stored in the systems and even affected various types of information 
seekers in utilizing information more competitively. The purpose of the study was to identify and discuss 
some critical issues and agendas in visualization for information systems. This paper merely scratched the 
surface of an emerging area. As more studies are done, other issues regarding visualization in information 
systems will be recognized.  
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